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Purpose: This study aimed to evaluate the relationship between high-output stomas (HOSs), postoperative ileus (POI),
and readmission after rectal cancer surgery with diverting ileostomy.

Methods: We included 302 patients with rectal cancer who underwent restorative resection with diverting ileostomy be-
tween January 2011 and December 2015. HOSs were defined as stomas with >2,000 mL/day output. We analyzed predic-
tive factors for readmission of these patients.

Results: Forty-eight patients (15.9%) had HOSs during the hospital stay, and 41 patients (13.6%) experienced POI. HOSs
were strongly associated with POI (45.8% vs. 7.5%, P <0.001). The all-cause readmission rate was 16.9%, with 19 (6.3%)
and 20 (6.6%) experiencing ileus and acute kidney injury, respectively. HOSs (27.1% vs. 15.0%, P =0.040) and POI (34.1%
vs. 14.2%, P=0.002) were associated with all-cause readmission, and POI was associated with readmission with ileus
(17.1% vs. 4.6%, P =0.007). POI was an independent risk factor for all-cause readmission (adjusted odds ratio [OR], 2.640;
95% confidence interval [CI], 1.162 to 6.001; P=0.020) and readmission with ileus (adjusted OR=3.869; 95% CI 1.387 to
10.792; P=0.010).

Conclusion: POI was associated with readmission, particularly for subsequent ileus, in patients with diverting ileostomy.

We should make efforts to reduce POI, such as strong control of HOSs, to prevent readmission.
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INTRODUCTION

Rectal cancer surgery has greatly advanced since the introduction
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of total mesorectal excision [1], resulting in improved oncologic
outcomes and quality of life [2, 3]. However, anastomotic leakage
is still of great concern to many surgeons because of the increased
probability of reoperation, morbidity, and mortality [4]. To pro-
tect the anastomosis, a diverting stoma is often constructed [5].
Although whether a diverting stoma reduces anastomotic leakage
following rectal cancer surgery is still controversial, diverting
stoma construction is thought to reduce the clinical severity of
anastomotic leakage [6-8]. Because of their advantages during
stoma reversal surgery, diverting ileostomies are usually recom-
mended over colostomies [9].

However, a diverting ileostomy can result in substantial compli-
cations, such as bowel obstruction, parastomal hernia, prolapse,
and dermatitis [10, 11]. More importantly, significant morbidity,
such as high-output stoma (HOS), dehydration, electrolyte imbal-
ance, and acute kidney injury (AKI), may cause readmission after
rectal cancer surgery with diverting ileostomy [12-19]. Readmis-
sion rates after ileostomy creation have been reported to range
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between 12.9% and 30% [12-18]. Although previous studies have
reported the risk factors associated with readmission after ileos-
tomy creation [12, 15-18], there have been no solid conclusions.

Moreover, postoperative ileus (POI) is another common com-
plication after rectal cancer surgery. POI results from an inflam-
matory response caused by bowel manipulation, which leads to
prolonged inhibition of coordinated bowel activity [20]. Some
previous studies reported that stoma formation may increase the
risk of developing POI [20-22]. In addition, POI and early post-
operative small bowel obstruction may lead to readmission from
subsequent adhesive small bowel obstruction [20]. Considering
that intermittent bowel obstruction may be one of the main
causes of HOSs [23], we hypothesized that HOSs and POI may be
closely related, which could result in readmission after diverting
ileostomy construction.

Therefore, this study was designed to investigate the relationship
between HOSs, POI, and readmission after rectal cancer surgery
with diverting ileostomy.

METHODS

This study was approved by the Institutional Review Board of
Chonnam National University Hwasun Hospital (CNUHH-
2019-036). We retrospectively reviewed a prospectively collected
rectal cancer patient database and included 302 patients who un-
derwent restorative resection with diverting ileostomy between
January 2011 and December 2015. The informed consent of pa-
tients was waived because of the retrospective nature of the study.
The included patients had tumors located 3 to 15 cm from the
anal verge. Patients with distant metastasis or stage 4 or 5 chronic
kidney disease were excluded.

Colonoscopy, abdominopelvic and chest computed tomography,
pelvic magnetic resonance imaging, and serum carcinoembryonic
antigen testing were conducted preoperatively. In all patients with
locally advanced rectal cancer (=cT3 or >cN1), neoadjuvant
chemoradiotherapy (5,040 cGy in 28 fractions with 5-fluoroura-
cil-based chemotherapy) was considered.

Following these procedures, radical surgery was performed ac-
cording to general oncologic principles. When neoadjuvant
chemoradiotherapy was administered, surgery was performed at
6 to 10 weeks after the completion of radiotherapy. A diverting il-
eostomy was created at the surgeon’s discretion to protect the
anastomosis. Before surgery, the diverting ileostomy site was
marked by ostomy care nurses at 2/3 of the distance between the
right anterior superior iliac spine and umbilicus. A round incision
was made in this area, the rectus muscles were widened, and the
peritoneum was opened. Terminal ileum 20 cm away from the il-
eocecal valve was used for constructing ileostomy. In all patients,
a support bridge was routinely placed under the diverting ileos-
tomy. After abdominal wound closure, the ileostomy was matured
with a transverse incision and the eversion technique.

For patients with pathologic stage II or higher tumors, adjuvant
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chemotherapy was considered. In cases of node-positive disease
or circumferential resection margin involvement without neoad-
juvant chemoradiotherapy, postoperative radiotherapy was also
considered. All patients who underwent neoadjuvant chemora-
diotherapy, regardless of the final pathologic stage, were recom-
mended to receive adjuvant chemotherapy. Diverting ileostomy
closure was considered at 2 months after initial surgery or, in
cases treated with adjuvant chemotherapy, 1 to 2 months after
completing the adjuvant treatment. Before diverting ileostomy
closure, clinical anastomosis evaluation was performed through
digital rectal examination or rigid proctoscopy.

HOSs were defined as stomas with >2,000 mL/day output [24].
POI was characterized by symptoms of nausea, vomiting, oral
feeding intolerance, distended abdomen, or failure to pass flatus
or bowel movements with clinical and radiologic findings within
7 days after surgery [25]. AKI was defined as serum creatinine
levels of >1.4 mg/dL or an increase of serum creatinine levels of
>0.3 mg/dL from the baseline value [26]. Postoperative compli-
cations were defined as complications occurred within 30 days af-
ter surgery. All unexpected readmissions during the period of
maintaining ileostomy were included in the analysis.

Clinicopathologic data, such as patient sex, age, body mass in-
dex, American Society of Anesthesiologists physical status classi-
fication, hypertension, diabetes mellitus, smoking status, opera-
tive time and approach, tumor size, T and N stages, pre- and
postoperative chemotherapy status, preoperative serum albumin
level, and serum creatinine level on the day of discharge were col-
lected. The included patients were divided into readmission and
non-readmission groups. The readmission group was subdivided
according to the reason for readmission (i.e., ileus or AKI). The
predictive factors for readmission were analyzed.

Categorical variables were compared using the chi-square or
Fisher exact test. We used multivariable logistic regression models
to evaluate the predictive factors for readmission. The variables
with P<0.1 on univariable analysis were included in the multi-
variable logistic regression model. All results were considered
clinically significant at P <0.05. Statistical analyses were con-
ducted using IBM SPSS Statistics vers. 22.0 (IBM Corp., Armonk,
NY, USA).
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RESULTS

Of the included patients, 104 (34.4%) had postoperative compli-
cations after rectal cancer surgery with diverting ileostomy. Forty-
one patients (13.6%) had POIL and 14 (4.6%) experienced anasto-
mosis leakage (Table 1). Forty-eight patients (15.9%) had HOSs
during the hospital stay.

Table 2 shows the association between the clinicopathologic
variables and POI Men had a higher incidence of POI (17.2% vs.
6.1%, P=0.008), whereas other clinicopathologic factors were not
associated with POI. HOSs were highly associated with POI oc-
currence (45.8% vs. 7.5%, P <0.001).

45



Naa Lee, et al.

Table 1. Postoperative complications

Complication No. (%)
Postoperative ileus 41 (13.6)
Anastomotic leakage 14 (4.6)
Urinary retention 11(3.6)
Urinary tract infection 8(2.6)
Organ/space SSI (except leakage) 7(2.3)
Wound infection 7.3
Pneumonia 4(1.3)
Others 21(7.0)
Total 104 (34.4)
SSI, surgical site infection.

Table 3. Cause of readmission

Cause No. (%)
Acute kidney injury 20 (6.6)
lleus 19 (6.3)
Surgical site infection 15(5.0)
Others 501.7)
Total 51 (16.9)

Multiple complications in a patient were counted separately.

The all-cause readmission rate was 16.9%. All readmissions oc-
curred within 6 months after initial surgery. Of the readmitted
patients, 20 (6.6%) were diagnosed with AKI and 19 (6.3%) expe-
rienced ileus (Table 3). Thirteen out of 48 patients (27.1%) with
HOSs were hospitalized again; 5 of whom were because of ileus, 5
were due to AKI, and the other 3 were due to surgical site infec-
tion. Table 4 shows the association between the clinicopathologic
variables and readmission. N stage (24.5% vs. 12.8%, P=0.009),
HOSs (27.1% vs. 15.0%, P=0.040), and POI (34.1% vs. 14.2%,
P =0.002) were associated with all-cause readmission. Moreover,
POI was associated with readmission due to ileus (17.1% vs. 4.6%,
P=0.007). Readmission due to AKI tended to be associated with
diabetes mellitus (12.1% vs. 5.1%, P=0.052), T stage (9.2% vs.
3.1%, P=0.034), and serum creatinine level at the time of dis-
charge (13.2% vs. 5.2%, P =0.060).

Multivariable logistic regression analysis showed that advanced
N stage (adjusted odds ratio [OR], 2.172; 95% confidence interval
[CI], 1.167 to 4.041; P=0.014) and POI (adjusted OR, 2.640; 95%
CI, 1.162 to 6.001; P=0.020) were independent risk factors for all-
cause readmission (Table 5). The risk factors for readmission with
ileus were open surgery (adjusted OR, 8.260; 95% CI, 1.167 to
58.440; P=0.034) and POI (adjusted OR, 3.869; 95% CI, 1.387 to
10.792; P=0.010). The risk factors for readmission due to AKI
were diabetes mellitus (adjusted OR, 2.824; 95% CI, 1.073 to
7.434; P=0.035), advanced T stage (adjusted OR, 3.518; 95% CI,
1.120 to 11.054; P=0.031), and serum creatinine levels of >1.0
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Table 2. Association between clinicopathologic variables and post-
operative ileus (POI)

Variable (:glz(f;%) (F:] 0=| EG)) P-value

Sex
Male 168 (82.8) 35(17.2) 0.008
Female 93(93.9) 6(6.1)

Age (yr)
<70 168 (86.2) 27 (13.8) 0.853
>70 93 (86.9) 14 (13.1)

Body mass index (kg/m?)
<25 196 (86.0) 32 (14.0) 0.683
>25 65 (87.8)

ASA PS classification
I 1l 245 (86.0) 40 (14.0) 0.701
I, 1v 13 (92.9) 1(7.1)

Hypertension
No 160 (88.4) 21(11.6) 0.221
Yes 101 (83.5) 20 (16.5)

Diabetes mellitus
No 206 (87.3) 30(12.7) 0.407
Yes 55 (83.3) 11 (16.7)

Smoking status
Smoker 237 (87.1) 35(12.9) 0.267
Nonsmoker 24 (80.0) 6 (20.0)

Previous abdominal surgery
No 217 (85.8) 36 (14.2) 0.452
Yes 44 (89.8)

Operative time (min)
<180 167 (87.4) 24 (12.6) 0.501
>180 94 (84.7) 17 (15.3

Operative approach
Open 3(60.0) 2 (40.0) 0.138
Laparoscopy 258 (86.9) 39 (13.1)

Tumor size (cm)
<5 214 (86.3) 34 (13.7 0.957
>5 43 (86.0)

Preoperative chemoradiotherapy
Not performed 69 (87.3) 10 (12.7) 0.782
Performed 192 (86.1) 31(13.9)

High-output stoma
No 235 (92.5) 19 (7.5) <0.001
Yes 26 (54.2) 22 (45.8)

Albumin (g/dL), preoperative
<85 13 (86.7) 2(13.3 0.999
>35 248 (86.4) 39 (13.6)

Values are presented as number (%).
ASA, American Society of Anesthesiologists; PS, physical status.
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Table 4. Association between clinicopathologic variables and readmission

A No readmission Readmission
(n=251) All (1=51) P-value lleus (n=19) P-value AKI (n=20) P-value

Sex
Male 164 (80.8) 39(19.2) 0.123 16 (7.9) 0.103 16 (7.9) 0.208
Female 87 (87.9) 12 (12.1)

Age (yn
<70 164 (84.1) 31 (15.9) 0.535 12(6.2) 0.894 12 (6.2) 0.658
>70 87 (81.3) 20 (18.7)

Body mass index (kg/m?)
<25 186 (81.6) 42 (18.4) 0.212 15 (6.6) 0.999 16 (7.0) 0.628
>25 65 (87.8) 9(12.2

ASA PS classification
Il 238 (83.5) 47 (16.5) 0.711 19 (6.7) 0.999 18 (6.3) 0.239
I, v 11 (78.6) 3(21.4) 0(0.0) 2(14.3

Hypertension
No 150 (82.9) 31 (17.1) 0.892 11 (6.1) 0.851 12 (6.6) 0.995
Yes 101 (83.5) 20 (16.5) 8 (6.6)

Diabetes mellitus
No 197 (83.5) 39 (16.5) 0.751 14(5.9) 0.576 12 (5.1) 0.052
Yes 54 (81.8) 12 (18.2) 5(7.6) 8(12.1)

Smoking status
Smoker 226 (83.1) 46 (16.9) 0.973 16 (5.9) 0.417 19 (7.0) 0.705
Nonsmoker 25(83.3) 5(16.7) 3(10.0)

Previous abdominal surgery
No 210 (83.0) 43 (17.0) 0.909 16 (6.3) 0.999 15(5.9) 0.341
Yes 41 (83.7) 8 (16.3) 3(6.1) 5(10.2)

Operative time (min)
<180 162 (84.8) 29 (15.2) 0.300 9(4.7) 0.138 12 (6.3) 0.755
>180 89 (80.2) 22 (19.8) 10 (9.0)

Operative approach
Open 3(60.0) 2 (40.0) 0.199 2 (40.0) 0.034 1(20.0) 0.292
Laparoscopy 248 (83.5) 49 (16.5) 17 (6.7) 19 (6.4)

Tumor size (cm)
<5 207 (83.5) 41 (16.5) 0.553 16 (6.5) 0.999 16 (6.5) 0.756
>5 40 (80.0) 10 (20.0)

T stage
0,1,2 112 (86.8) 17 (13.2) 0.137 6(4.7) 0.311 4(3.1) 0.034
3,4 139 (80.3) 34 (19.7) 13(7.5) 16 (9.2)

N stage
0 171 (87.2) 25 (12.8) 0.009 10 (5.1) 0.247 10 (5.1) 0.148
1,2 80 (75.5) 26 (24.5) 9(8.5)

Preoperative chemoradiotherapy
Not performed 62 (78.5) 17 (21.5) 0.201 4(5.1) 0.789 5(6.3) 0.903
Performed 189 (84.8) 34 (15.2) 15(6.7) 15 (6.7)

(Continued to the next page)
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Table 4. Continued

A No readmission Readmission
(n=251) All (n=51) P-value lleus (n=19) P-value AKI (n=20) P-value
Postoperative chemo(radio)therapy
Not performed 45(83.3) 9(16.7) 0.962 1(1.9 0.215 4(7.4) 0.765
Performed 206 (83.1) 42 (16.9) 18 (7.3) 16 (6
High-output stoma
No 216 (85.0) 38 (15.0) 0.040 14 (5.5) 0.200 15 (5.9) 0.336
Yes 35(72.9) 13 (27.1) 5(10.4) 5(10.4)
Postoperative ileus
No 224 (85.8) 37 (14.2) 0.002 12 (4.6) 0.007 15 (5.7) 0.166
Yes 27 (65.9) 14(34.1) 7(17.1) 5(12.2)
Albumin (g/dL), preoperative
<35 13 (86.7) 2(13.3 0.999 1(6.7) 0.999 2(13.3 0.261
>3.5 238 (82.9) 49 (17.1) 18 (6.3) 18 (6.3)
Creatinine (mg/dL), day of discharge
<1.0 209 (83.9) 40 (16.1) 0.408 16 (6.4) 0.999 13(56.2) 0.060
>1.0 42 (79.2) 11(20.8) (5.7 7(13.2)

Values are presented as number (%).

AKI, acute kidney injury; ASA, American Society of Anesthesiologists; PS, physical status.

mg/dL on the day of discharge (adjusted OR, 2.881; 95% CI, 1.063
to 7.809; P=0.038) (Table 5).

DISCUSSION

In the present study, we investigated the association between PO,
HOSs, and readmission after rectal cancer surgery with diverting
ileostomy. We found that POI following diverting ileostomy con-
struction was associated with HOSs, which resulted in subsequent
ileus and readmission.

HOSs have been reported to occur in 16% of patients with sto-
mas [23, 27]. However, there is no agreed definition for HOSs,
which have been defined as having outputs of >1,000 to 2,000
mL/day [23]. In this study, we used 2,000 mL/day as a cut-off
value similar to previous studies [23, 24]. An HOS can cause fluid
depletion, electrolyte imbalance, and micronutrient disturbance,
resulting in delayed recovery and increased hospital costs. There-
fore, it is very important to properly manage HOSs [23]. Some
authors have reported that HOS presence was an independent
risk factor for readmission after stoma creation [18], whereas
other authors have not found a significant association between
HOSs and readmission [13, 14]. In the present study, HOSs were
associated with all-cause readmission in the univariable, but not
multivariable, analysis. This result was observed because HOSs
and POI were highly correlated, and POI was a more significant
predictive factor for all-cause readmission (Table 5). Although
HOS was not identified as an independent predictive factor of re-
admission in multivariable analysis, when we performed a multi-
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Table 5. Multivariable analysis of the predictive factors for readmission

Factor Adjusted OR (95% CI)  P-value
All-cause readmission
N1 or N2 stage 2172 (1.167-4.041) 0.014
High-output stoma 1.407 (0.619-3.199) 0.415
Postoperative ileus 2.640 (1.162-6.001) 0.020
Readmission with ileus
Open surgery 8.260 (1.167-58.440)  0.034
Postoperative ileus 3.869 (1.387-10.792)  0.010
Readmission with AKI
Diabetes mellitus 2.824 (1.073-7.434) 0.035
T3 or T4 stage 3.518 (1.120-11.054)  0.031
Creatinine > 1.0 mg/dL, day of discharge 2.881 (1.063—7.809) 0.038

OR, odds ratio; Cl, confidence interval; AKI, acute kidney injury.

variable analysis after excluding POI, HOS was proved to be an
independent predictive factor for readmission (OR, 2.058; 95%
CI, 1.011 to 4.290; P =0.048) (data not shown). This might be de-
rived from some correlations between HOS and POI in clinical
practice, although multicollinearity was not observed between
HOS and POI (variance inflation factor, 2.201). Considering our
relatively small number of patients with HOSs and POI, this
should be analyzed in more detail with a larger number of pa-
tients.

Gastrointestinal inflammation caused by bowel manipulation
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combined with other factors, such as fluid overloading and opioid
use, is the key mechanism underlying POI development [20, 28].
Several risk factors have been suggested for POI development,
such as total colectomy, comorbidities, urgent operation, and long
operative time [20, 21]. Moreover, some studies have reported
that stoma formation was an independent risk factor for POI after
colorectal surgery [21, 22]. One possible explanation for the asso-
ciation between stoma formation and POI is that extensive ileo-
colic manipulation for ileostomy construction may cause more
tissue inflammation and, thus, lead to POI development. Another
possible mechanism of POI development is partial obstruction
caused by the rotation and kinking associated with ileostomy for-
mation [20]. Such partial obstruction can also trigger HOSs,
which may be a plausible explanation for the high correlation be-
tween POI and HOSs observed in the present study.

Previous studies have reported that dehydration is the main
cause of readmission after ileostomy creation, and several risk fac-
tors for readmission, such as comorbidity, loop stoma, longer
hospital stay, the use of diuretics, antidiarrheals, and the laparo-
scopic approach, preoperative chemoradiotherapy, older age, and
HOSs, have been suggested [12-18]. In this study, we found that
POI was an independent risk factor for all-cause readmission and
readmission related to ileus (Table 5). This observation is consis-
tent with that of a previous study in which early postoperative
small bowel obstruction was found to be an independent risk fac-
tor for subsequent adhesive ileus in patients undergoing colec-
tomy [20]. As previously stated, HOSs and POI were highly cor-
related with small bowel partial obstruction, which could cause
subsequent readmission, particularly due to ileus.

In the present study, the risk factors for readmission with AKI
were diabetes mellitus, advanced T stage, and serum creatinine
levels of >1.0 mg/dL on the day of discharge. Considering that
patients with ileostomy are at high risk of dehydration [12-18],
AKT in patients with diverting ileostomy may be triggered if basal
renal function is poor, such as in patients with diabetes mellitus or
high serum creatinine levels after ileostomy formation. Therefore,
in such patients, HOSs should be managed more carefully to pre-
vent AKL

Appropriate HOS management is essential in patients with di-
verting stomas. Primarily, patients with HOSs should restrict hy-
potonic or hypertonic fluids to <1,000 mL/day [23]. If patients
with HOSs feel thirsty, then they should be provided with oral
glucose-saline solutions [23]. In addition, careful nutritional sta-
tus assessment and nutrient deficiency replacement should be
performed, and antisecretory or antidiarrheal medication and
psychological support are also important [23, 29]. Using this sys-
tematic and multidisciplinary approach, the risk of dehydration
and readmission can be decreased in patients with HOSs.

The present study has several limitations. First, because this
study was retrospective and limited to a single center, it is difficult
to assess the generalizability of our findings concerning readmis-
sion risk factors. Second, the multivariable logistic regression
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models were somewhat heavy because of the relatively small
number of included patients. Third, the number of patients with
HOSs was relatively small (n=48) to prove the relationship be-
tween HOS and readmission due to ileus or AKI. Further studies
with large number of patients are needed. Nevertheless, our study
suggests a possible relationship between HOS formation and POI
development, which could result in the readmission of patients
with diverting ileostomy.

In conclusion, HOSs were associated with PO, resulting in re-
admission, particularly for subsequent ileus, in patients with di-
verting ileostomy. Efforts should be made to reduce POI to pre-
vent readmission. Patients with HOSs should be managed more
carefully to limit the incidence of POIL
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